By agreeing to strive for 'a significant reduction in the current rate of loss of biological diversity' by the year 2010, political leaders at the 2002 World Summit on Sustainable Development (held in Johannesburg, South Africa) presented conservation scientists with a great opportunity, but also one of their most significant challenges. This is an extremely exciting and laudable development, but this reporting process could be made yet more powerful if it incorporates, from the outset, independent scientific assessment of the measures, how they are analysed, and practical ways of plugging key gaps. This input is crucial if the measures are to be widely owned, credible and robust to the vigorous external scrutiny to which they will doubtless be exposed. Assessing how rates of biodiversity loss have changed from current levels by 2010 will require that a given attribute has been measured at least three times; however, most habitats, species, populations and ecosystem services have not been assessed even once. Furthermore, the best data on which to base estimates of biodiversity loss are biased towards the charismatic vertebrate species; unfortunately, these supply minimal services to the human economy. We have to find ways to redress this taxonomic imbalance and expand our analyses to consider the vast diversity of invertebrate, fungal and microbial species that play a role in determining human health and economic welfare.
INTRODUCTION
The abundant diversity of life forms that have evolved on Earth is beginning to disappear (Wilson 1988; Pimm et al. 1995) ; this decline in life on Earth is both a consequence of anthropogenic climate change and more directly a response to anthropogenic modification of natural habitats (Meyer & Turner 1992; Vitousek et al. 1997a, b) . Paradoxically, considerable scientific energy and media attention are currently focused on determining whether life of any form has ever existed on Mars. It took around 4 billion years for life to evolve to its current state on Earth; several predictions suggest we may lose between one quarter and one half of this over the course of the next century (Ehrlich 1995; Pimm et al. 1995) . Perhaps a more urgent task for scientists interested in alternative forms of life in the universe is to quantify the diversity of life on Earth and estimate rates at which it is declining. The Convention on Biological Diversity (CBD) 2010 Biodiversity Targets set a major challenge to the ecological and conservation community by requesting a detailed understanding of rates of biodiversity change by 2010 (UNEP, 2003) . The urgency of making this assessment is underscored by our increasing understanding that the quality of human life is intrinsically dependent upon services provided by other species. As biodiversity declines through habitat modification and other anthropogenic disturbances, how can we quantify the changes in goods and services that directly affect human health and economic welfare? In this essay I will present a broad overview of the scientific criteria that need to be met if we are to meet the CBD 2010 Biodiversity goals. In particular, I will focus on developing methods for monitoring rates of change in biodiversity and upon the economic motivation for setting these goals.
FEATURES THAT NEED TO BE MEASURED
The CBD 2010 Biodiversity indicators seek to measure change at a hierarchy of levels. These range from changes in species population size, through changes in the distribution and condition of habitats, to changes in rates of delivery of goods and services to the human economy. Once set up, the measures should be able to quantify how different populations and habitats respond to changes in interventions and threats such as nitrogen deposition, alien invasion and climate change. Hopefully, once the mechanisms to detect change are in place, they can also be used to monitor the efficacy of legal and economic measures that are designed to protect biological diversity.
WHICH SORT OF DATA DO WE ALREADY HAVE?
Ecologists and conservation biologists have collected a huge canon of information on the distribution, abundance, diversity and behaviour of a large number of animal, plant and fungal species (Levin 2000) . Most of these data were collected to address specific questions about the behaviour, dynamics, or physiology of different species. We have also collected data on the diversity of different animal and plant communities, and on the interactions between a limited number of the species that inhabit these communities. Similarly, we have data on the rates at which ecosystems process and cycle different key elements, as well as their ability to absorb and break down pollutants and natural toxins. Unfortunately, these data are rarely collected using the same protocols or with the measurement of change on decadal time-scales as an objective. Furthermore, the data are stored in ways that vary from the traditional 'write in the rain' field notebook that is stored on a shelf 'somewhere' in an office, through to highly sophisticated, but system specific, computer databases. While some of these data could provide powerful and important information about the ways in which different populations, communities and habitats have changed and are changing, there is a pressing need for ecologists, conservation biologists and epidemiologists to adopt a common, globally accessible format for all environmental monitoring (Palmer et al. 2003 (Palmer et al. , 2004 . Nevertheless, ecologists and conservation biologists already have at their disposal a powerful and diverse set of tools for monitoring natural communities and the way in which they function. Once the currently extant databases are collated, they will serve as useful baseline measurements for areas at which future surveys might be taken.
IDEAL PROPERTIES OF DATA AND INDICATORS
The currently available data contrast with the ideal datasets that would provide comprehensive and sensitive monitoring of the environment. Yet, if we asked ecologists and conservation biologists what the ideal dataset would be, I suspect we would get a diverse set of answers. Certainly, an ideal dataset should make significant steps to correct the inherent taxonomic bias in current surveys that focus upon mammals, birds, herptiles and flowering plants. More focus is needed upon the nematodes, bacteria, fungi and arthropods that represent a higher proportion of the diversity which, while less charismatic, actually undertake the key functions in natural ecosystems (Wilson 1987) . Unfortunately, this would require significant levels of training both in field collection and in basic taxonomy (Gaston & May 1992; May 1992) . A Martian visiting the Earth would be aghast to realize that we have only a rudimentary taxonomic knowledge of the species that drive most of the fundamental processes that make life possible on Earth (Nee 2004) . This strongly suggests that if we are truly interested in alternative forms of life, or are interested in how ecosystems function in ways that make life on Earth possible, we should make a considerable investment in studying both the taxonomy of lower life forms and how their complex nonlinear interactions give rise to important emerging properties that drive ecosystem function. The continued wellbeing of the human economy is critically dependent on the level of redundancy in these systems. Developing a detailed theoretical and empirical understanding of how ecosystems are organized and how we can reassemble damaged ecosystems are some of the ultimate goals of ecology (Palmer et al. 2003 (Palmer et al. , 2004 . Understanding the way in which ecosystems function and 'self-organize' into efficient systems is one of the biggest challenges in science; at its heart is a nested series of problems that involve nonlinear interactions between multiple groups of particles all with different birth, death and movement rates (May 1974; Levin 1999) . When posed as a mathematical problem, understanding ecosystem function (and its restoration) may be more challenging than understanding the structure of atoms, or the origin of the universe; it is certainly not something we should investigate as a series of uncontrolled experiments.
A short-term alternative to hastily attempting to quantify the species-by-species contributions to ecosystem function is to acknowledge that, until we develop the expertise to understand ecosystem function and resilience at the species level, we can only indirectly measure how changes in biodiversity lead to changes in ecosystem function and in the goods and services supplied by these systems. This will lead us to focus our biodiversity monitoring on the more charismatic vertebrate species and upon the plants that form the superficial outer layers of the more complex web of life. This inherently assumes that we will be able to monitor changes in the lower levels of biodiversity by monitoring what happens in the upper trophic levels. In some ways this is similar to studying the oceans by observing surface currents and wave movements. It is also directly analogous to using stock prices and employment statistics to monitor the health and future trajectory of an economy.
If we are going to initially rely upon the higher forms of life to monitor underlying biodiversity change we need to ensure that monitoring at this scale is balanced across habitats, ecosystems, and across the species we can sample within these ecosystems. More acutely, if we are to monitor changes in biodiversity by 2010 we need to sample regularly and have at least three data points for each chosen species, community and habitat at each location. This will require an increased reliance on long-term datasets that have already been collected for other purposes and the collation of this information at local, national and international centres. One way to stimulate collection and curation of such data would be to set up a network of data centres, in which major locations for biodiversity around the world were represented. There are existing centres: for example, the Centre for Population Biology at Imperial College, Silwood Park, London (www.cpb.bio.ic.ac.uk); CABS (Center for Applied Biodiversity Science, Washington, DC) (www.biodiversityscience.org/xp/CABS/home); NCEAS (National Center for Ecological Analysis and Synthesis, University of California, Santa Barbara) (www.nceas.ucsb.edu); and the LTER (Long-term Ecological Research) network (www.lternet.edu). They all give important examples of how collation of data and its analysis by teams of experts can provide major insights into local and global patterns of ecological change, yet they are all located in the species-poor northern temperate zone. We need to fund and develop similar facilities in the tropics.
There is plainly a need to expand the geographical and taxonomic range of the data we collect if we are to provide global, broad-scale monitoring of environmental change. Collating new data into a form in which it is compatible across studies with currently extant data creates a second whole set of additional problems because there is no common database into which all of these data may be assimilated. This creates a major logistic and innovative challenge to the environmental community, yet it is one whose solution would benefit us all. Several groups are working to develop computer databasing languages that would provide a common framework for the storage and retrieval of all information collected by ecologists, conservation biologists and epidemiologists. The rapid developments in computer and information technology over the last 20 years make this possible; there is also significant financial support to facilitate the development of such a database (Palmer et al. 2003) . Similar initiatives are already in place to monitor up-to-the-minute movements in the prices of stocks and shares; banks can move financial resources around with equal facility because of common computer languages and databases. The equivalent environmental initiative simply requires more logistic and political support. Much of this support must come from within the environmental community; having a common databasing language will benefit us all; furthermore, having a centralized database of geo-referenced changes in species abundance and diversity will allow ecologists to ask much bigger questions about how populations and communities interact and respond to climate and anthropogenic change. This will require the ecological and conservation community to minimize our inherent resistance to sharing data; instead we have to realize that the magnitude of the world's environmental problems requires us to undertake larger and more detailed projects and experiments. This can only be done if we pool our resources and expertise while seeking new collaborations from manufacturing, health and insurance industries who will benefit from a better understanding of future potential environmental change.
WOULD I GET THE SAME ANSWER IF I ASKED ANOTHER SPECIES?
Obviously we will never be able to monitor every species within a region. Even if we could do so, the temporal differences in the life histories of different taxa would require us to monitor biodiversity on a complex hierarchy of time-scales. Similarly, while it may be possible to sample the dynamics of aphids on a nested sample of host plants, elephants and migratory species such as elk or caribou need to be sampled across a huge geographical area. Thus it is essential that local initiatives that contribute to national and global monitoring schemes focus on expanding from detailed monitoring of individual species to include regular estimates of the abundance of species that interact with these focal species as well as important information about the overall species diversity and resilience of the habitat. Here, a careful trade-off needs to be made between the correct temporal resolution of the data and the confidence we can place in its quality.
HOW WILL YOU DETECT CHANGE?
The CBD 2010 Biodiversity Targets are curiously worded in that they hope for 'a significant reduction in the current rate of biodiversity loss.' This seems to presuppose that we will continue to lose biological diversity, but our principal aim is to slow the rate of loss by 2010. Framing the goals in terms of 'rates of loss' significantly increases the scale of the problem; whereas two samples will tell us whether biodiversity at any location is decreasing or remaining stable, at least three samples are needed to estimate change in the rate of biodiversity loss. Even then, statisticians will view the analysis as very outdated when we explain we have estimated the change in rates from three data-points.
Realistically, estimating rates with any form of statistical confidence will require considerably more intense sampling. Let us consider data from a local long-term study of a single species population, the African elephants at Amboseli National Park in Kenya. Cynthia Moss and her colleagues have monitored every elephant in this population for the last 25 years (Moss 2001) . The population has steadily increased in size over the main period of study, mainly owing to its protection from poaching (Moss 1988) . Although a steady increase is apparent from the data on total population size, if we plot these data as annual rate of increase then we see periods of sustained growth and periods when the rate of growth declines (figure 1b). Furthermore, when we compare the estimates of other East African elephant populations for the same period we see very different patterns. Most of the other elephant populations have been surveyed less regularly than those at Amboseli, so it is considerably harder to obtain estimates of rates of change. Some of the other elephant populations occupy much larger areas, so we can never hope to identify all of the animals as individuals, as is the case at Amboseli. So when can we say with any statistical confidence that rates of population of growth of Amboseli elephants have changed? Furthermore, although we know a lot about elephants and baboons at Amboseli (Samuels & Altmann 1991; Combes & Altmann 2001) , we have only anecdotal information about other species following the cessation of regular aerial surveys in the 1980s (Western 1975) . Satellite images are now available that provide detailed monthly spatial data on the vegetation cover and net primary production across the park, but only for the later years of the elephant study. Moreover, there is almost no overlap between the satellite vegetation data and studies of community diversity.
Similar problems arise when we examine long-term data for elk, bison and wolves in Yellowstone National Park in the United States (figure 2). Elk supply is economically important to the local community because there is an elk hunt each autumn where sportsman pay for licences to shoot elk (Coughenour & Singer 1996) . Bison hunts were abandoned in the 1960s, although hypothetical worries about disease transmission to cattle have led to occasional 'removals' when bison cross the park boundary in winter (Dobson & Meagher 1996) . Wolves were reintroduced in the mid-1990s immediately following a natural re-colonization (McNamee 1998). Like those collected at Amboseli, these data provide important insights into the dynamics of the large vertebrate populations. The data on removals for both elk and bison strongly suggest that using a population as a resource leads to reductions in its abundance. However, there are periods of time when both populations increase, even when hunted, and periods when they decrease, even when hunting removals are low or absent. In particular, the elk population illustrates a recent dramatic decline. Is this owing to the reintroduction of wolves, or to a series of bad winters, or a combination of these two effects? Plainly, more data are needed to address these questions, yet these are some of the best-quality wildlife data available; if we are to use this data to monitor the environment, it is essential that we have some way of interpreting the mechanisms that lead to changes in its long-term trajectories. Also included in figure 2b are data from three other elk populations, one at the National Elk refuge within 100 miles of Yellowstone (Boyce 1990) , one 500 miles away at Rocky Mountain National Park (Lubow et al. 2002) , and one nearly a thousand miles away on the coast of California (Howell et al. 2002) . There is very little correlation between the annual rates of change of these populations and it would be very hard to say anything about the shortterm future population trajectory of any of them from examining the dynamics of one of the others. Yet many of the underlying demographic characteristics of the populations will be almost identical, and if we could collate this information with data about their sensitivity to available resources, natural enemies and climate variation, we could begin to extrapolate between studies.
All of the problems described for Amboseli and Yellowstone will arise when we try to monitor trends in biodiversity at other locations and at even larger spatial scales. While the need to monitor rates immediately requires one to ask 'how frequently will we monitor?', the need to monitor 'biological diversity' requires that we embed classic single-species studies into ones that involve many species from the surrounding community. Here we have to at least focus on animals and plants (or at least vegetation cover and net primary production (NPP). If we are to monitor the health of the major habitat types, or biomes, on each of the continents and larger islands, then we have to balance studies in national parks with studies of the same species in areas where they receive considerably less protection. We then need to examine data that we have already collected and sub-sample it to examine what level of sampling will allow us to detect trends. It may not be enough to simply monitor a set of populations or habitats at least three times prior to 2010. Instead we may need to collate historical data, establish an excess of possible monitoring sites (an excess because some will be converted to new uses even while we monitor them), and then sample these every 2, 3 or 5 years at both local and regional scales. I am not convinced we can do this in a totally effective way by 2010. However, I am convinced we can both produce important indications of rates of change for a large subset of species and habitats by 2010 and set in place the mechanisms that will allow us to have regular comprehensive biannual estimates of rates of change by 2020. If we fail to do this, our discipline will become redundant and silent in the policy arena.
WHAT IS A SIGNIFICANT DECLINE?
A second major set of problems arise when we attempt to examine whether populations, communities or habitats have significantly altered their rate of change (sensu CBD 2010). Mace and Lande (Mace & Lande 1991; Mace et al. 1992) have developed an important set of criteria that are widely used in population viability analyses for species that may require legal classification of their risk of extinction. The method builds on a large body of extinction and risk theory for populations (Burgman et al. 1993) . It explicitly acknowledges that it is unlikely that quantitative data will be available for all of the demographic and habitat variables that provide a detailed estimate of extinction risk for any species. Instead, it suggests that synergistic interactions between habitat loss, fragmentation and population decline will all increase risk of extinction. Thus it should be possible to broadly classify the risk to a species by focusing on the best-quality subsets of information that are available. The methods developed by Mace & Lande (1991) could readily be modified to classify habitats and ecosystems on both national and global scales. This approach will require only limited modification if it is to be used to examine changes in the magnitude and quality of endangered habitats (Balch & Rodriguez 2004) . Increasingly, we will rely upon satellite data to monitor the extent of natural ecosystems and habitats, yet this methodology needs to be expanded to include regular surveys of a large diversity of habitats at sites that are not too frequently obscured by clouds. The current focus on forests needs to be expanded to savannahs, agricultural lands and even estuaries and coral reefs. Most importantly, any attempts to interpret changes in habitat extent and condition that are discernible from space need to be verified using terrestrial surveys so that the impact on species, diversity, ecosystem function and services may be quantified.
STATUS AND TRENDS OF COMPONENTS OF BIOLOGICAL DIVERSITY
An essential factor in developing regional, national and global indices of biological diversity is our need to inform the public about biodiversity change and to illustrate how the quality of human life is intimately coupled with the well-being of other species. Combining data from many time-series, as in the Living Planet Index (Loh et al. 2005) , the Wild Bird Index (Gregory et al. 2005 ) and the index of coral cover (Cote et al. 2005) , is potentially a very useful and powerful way of getting information about the state of the world's biodiversity into the minds of the world's public and the media. The Heinz Center's report on the state of ecosystems in the United States provides an excellent national example (H. John Heinz III Center for Science, Economics and The Environment 2002) that is already finding an audience with policy makers in the United States.
Here we should also consider the audience whose attention we wish to grasp when we present results of our analyses. In particular, we should examine how our index might be compared with the consumer price index 'bag of household goods', which is supposed to represent the financial outlay required for a family of four to meet their dietary and healthcare needs (www.bls.gov/cpi/home.htm). What is the environmental equivalent to this economic indicator? In many ways it may be necessary to subdivide the index into components that reflect how the environment affects each of the major subclasses of ecosystem service. The Millennium Ecosystem Assessment (Millennium Ecosystem Assessment 2003) has adopted a classification of ecosystem services that provides a useful way of framing a discussion about how we might measure changes in the rates at which they are delivered. The services are divided into supporting services and provisioning, regulating and cultural services (table 1) . We would thus need to subdivide our population and habitat monitoring data in ways that allowed it to reflect contributions to these different services.
A bizarrely appropriate role model is provided by the Zagat surveys of restaurants in major US and European cities (Zagat & Zagat 2004) ; these use large surveys of the public to rank huge numbers of restaurants by their food, décor, service and the average cost of a meal. The guides have a major impact on the choices people make, and thus a huge effect on the economy and consumer choice available in the restaurant industry. From an economic perspective, this is exactly what the major goal of the Living Planet Index should be; something that influences consumers' choice and modifies the services available to them.
Once we have set up a modified methodology for biodiversity indicators, a useful exercise would be to illustrate the sensitivity of the methodology by using known sets of detailed data (e.g. those for Serengeti (Sinclair & Arcese 1995) ; Krakatau (Thornton 1996) ; and Cabin John Island in the Potomac (Terborgh 1989) ), even fossil data from past extinctions (Knoll 1984; Labandeira & Sepkoski 1993; Benton 1995) . The results of testing the methodology in this way should then be published in a high-profile journal-Science, Nature or Public Library of Science; the primary goal here is to convince a broad audience of scientists that these indices provide a powerful and sensitive way of monitoring environmental change. Ultimately, funds should be sought to greatly increase the public's exposure to these indices. If we have interactive billboards in Times Square and other major cities relaying 'up-to-the-minute' stock prices and baseball scores, we should aim to have similar scoreboards for the environment. These should be advertised in a way analogous to the way the physicists advertised the Doomsday atomic clock. The Biodiversity Indices should form the centre of each news broadcast on Earth Day (Hayes 2000) and even New Year's day. Ultimately, it has to be a regular feature of weekly and monthly news reports. The Economist and Financial Times report the weekly average financial exchange rates between different currencies; we need an equivalent coverage of weekly exchange rates between the human and non-human economy.
MONITORING ECONOMIC GOODS AND SERVICES PROVIDED BY NATURAL ECOSYSTEMS
Ecologists and economists have spent much of the past decade wrestling with how to quantify the goods and services provided by natural ecosystems Daily et al. , 2000 . At one extreme this discussion has focused on attempting to quantify the net annual economic benefit provided to the human economy by natural ecosystems (Costanza et al. 1997 ). An alternative approach to this question has been a heated discussion among ecologists on the dependence of ecosystem function upon species diversity Chapin et al. 2000; Kinzig et al. 2001; Loreau et al. 2001; Bond & Chase 2002 ). Here we have to acknowledge that ecosystem functions, such as nitrogen cycling, succession, primary production, pollination, soil retention and water movement, are explicitly undertaking services that feed into the human economy.
Quantifying ecosystem services on a species-byspecies basis clearly is an impossible task, particularly as many ecosystem services are undertaken by microscopic species whose taxonomic status is unclear (Nee 2004) . Nevertheless, it is probable that different types of services will predominantly be undertaken by species on different trophic levels. For example, regulating services such as climate regulation, water regulation and purification will be predominantly undertaken by interactions between species at the lowest trophic levels. In contrast, cultural services, such as recreation and tourism, and aesthetic and inspirational services will require ecosystems that contain a complete suite of species; this requires that the upper trophic levels remain intact. Furthermore, species at higher trophic levels will play a crucial role in regulating the abundance of species at lower trophic levels; when predators and pathogens are lost from a system we often see huge increases in the abundance of their prey species at lower trophic levels (Terborgh et al. 2001) . Thus the trophic diversity of ecosystems will provide important information on their ability to provide different types of services in a way that is directly analogous to the length of marine trophic webs used by fisheries biologists (Pauly et al. 1998) . Ultimately, it may be that a trophic diversity index for different habitats will fulfil our need for the equivalent of the consumer price index used in the 'cost of living' calculations made by economists. Figure 3 illustrates one possible approach using data from the biological recovery of Krakatau following the volcanic eruption that totally destroyed the island in 1883. Colonization of the barren rock was initiated by plants, which were then joined by a variety of primary and secondary consumers (Thornton 1996) . If we follow the approach used by marine biologists and calculate mean trophic position we are only able to monitor fairly coarse changes in species diversity. If instead we calculate the standard deviation of mean trophic position then we obtain a more sensitive index of trophic diversity that captures more of the change in trophic diversity as the community recovers from the ultimate perturbation. A second major consideration when quantifying rates of change of ecosystem services is to consider how well the modified habitat continues to supply services. When forests or savannahs are converted to agricultural land their aesthetic value changes in ways that some people will find pleasing, and others will find abhorrent. Certainly the ability of the land to produce food will change and the diversity of food produced will certainly decline, but the net value of agricultural produce may well increase. Furthermore, the rate at which food and other services are produced in the modified habitat may be determined by services supplied by the non-converted habitat. For example, the diversity and abundance of pollinators for food crops in farmland may be strongly dependent upon the presence of local areas of non-converted habitat (Kremen et al. 2002; Ricketts et al. 2004) .
A handful of studies have examined the relationship between economic goods and services provided by natural systems and the services supplied in adjacent, or equivalent, modified systems (Peters et al. 1989; Bonnie et al. 2000; Kremen et al. 2000; Balmford et al. 2002) . Cost-benefit analyses of these studies suggest that in most cases the net economic value of converted habitat declines by an average of around 50% and the cost-benefit ratio of conserving remaining unconverted habitats may be as high as 100:1 (Balmford et al. 2002) . Let us briefly use insights from these studies to examine how we might monitor 'change in the rate' at which economic services are provided by natural habitats.
HOW WILL THE VALUE OF ECOSYSTEM SERVICES CHANGE AS HABITAT IS CONVERTED?
The most general form of the problem we are interested in consists of estimating the net economic value of a land system with two boundary conditions: at one point it is entirely pristine and supplies only 'natural resources'; at the opposite extreme it is completely converted to a habitat devoted entirely to anthropogenic activities such as agriculture, housing, or industry; at all points along the spectrum it supplies economic goods and services that provide both local and more diffuse 'global' benefits. Thus in its pristine state it may supply a stable off-take of food and fibre resources (e.g. fruit and timber), it will cleanse air and water, and fulfil the spiritual, recreational and aesthetic needs of people who need to spend time in pristine forests, savannahs, or deserts. Some of these functions will also be supplied by the fully modified habitat and at each point along the continuum of levels of conversion that separates them. Depending upon whether the habitat has been converted to agricultural land, housing, or manufacturing, then the economic benefits will accrue to different numbers of people in different places. When considering the net economic benefit of habitat conversion, one additional consideration is to divide the economic activities into those that are independent of the remaining area of natural habitat and those that are dependent upon natural habitat. Similarly we can divide the economic benefits of the 'pristine' habitat into provisioning and sustaining services (table 1) and examine how habitat conversion impacts these in different ways.
WHICH SPECIES SUPPLY KEY ECOSYSTEM GOODS AND SERVICES?
Monitoring the diversity and abundance of the species that undertake all the key ecosystem services is an impossible task. Identifying the level of redundancy in the diversity of species undertaking ecosystem processes is a major research agenda in ecology, but we are not yet at the level where we can quantify the impact of the loss of any species, or group of species, on the efficiency with which ecosystems function. Instead we need to adopt a phenomenological approach that is Figure 3 . (a) Trophic diversity on Krakatau, the palest blue shading represents the number of plant species, the medium blue are the number of primary consumers, and the darkest shading is the number of secondary consumers or carnivores. Data collated from surveys reported in Thornton (1996) ; (b) the solid line represents mean trophic level for all the species recorded in each published survey on Krakatau. The upper dashed line illustrates mean trophic level plus two standard deviations, the lower dotted line illustrates mean trophic level minus one standard deviation.
analogous to those used in the study of chemical and physiological reactions and assume that we can define the point at which the efficiency at which a task is performed declines to 50% of its maximum observed value. This would allow us to use Michaelis-Menton style kinetics to examine changes in ecosystem function in a way that is central to our understanding of resource consumer dynamics (Tilman 1976 (Tilman , 1982 Hansen & Hubbell 1980) . Even this simplification creates two initial problems: (i) how should we measure the efficiency with which ecosystem services are supplied? (ii) How do we quantify the biological diversity supplying the services? The first question requires us to measure either the impact of the service on the local economy, which may be reasonably simple for food harvested and entering local markets, or 'bed-nights' in local hotels for ecotourism. It is harder to quantify for amount of soil retained, CO 2 stored, water purified or O 2 produced. Here, however, regular (weekly) satellite monitoring may allow us to estimate NPP, which can be used to indirectly quantify some of these services. When quantifying biodiversity our choices are to sample the diversity in a region, where we are doomed to distort our knowledge in favour of the vertebrates, or alternatively, we can assume that biological diversity follows some species-area function, and that the proportional decline in area as natural habitat is converted will give rise to a proportional decline in species diversity that will follow some form of speciesarea curve (MacArthur & Wilson 1967 ). Here we should acknowledge that species on different trophic levels may have different exponents on this power function and thus ecosystem services provided by species on different trophic levels may decline at different rates (Holt et al. 1999; Dobson et al. in preparation) .
THE DYNAMICS OF ECOSYSTEM SERVICES AND HABITAT CONVERSION
A number of important insights may be gained by developing a very general, two-equation model of land use change and ecosystem services that are based on the above series of observations. One equation will describe the change in the rate at which the ecosystems services provided by the landscape change as it is modified to contain different proportions of 'pristine' and modified habitats. The second equation describes how different types of ecosystem service decline as habitat is converted, and net biodiversity in the landscape decreases. Both of these expressions could be infinitely more complicated and inelegant and each of their components could take a large variety of possible functional forms. Some of this will be explored elsewhere (Dobson et al. in preparation) . Here I have simply focused on the most general linear form of the model to examine some of the basic underlying factors that confound our ability to detect 'changes in the rate' at which ecosystem services are supplied.
Let us assume that the quantity we wish to monitor is the net relative value (NRV) of the goods and services produced from an area of land a proportion, p, of which has been converted from its pristine state into some new form of land use. We wish to define its current value as a simple function of its value in the pristine state when all it supplied were indirect services to the human economy. This naively assumes we have some way of quantifying this value; at present, all we really know is that we tend to undervalue it Balmford et al. 2002) . The proportion of land that is converted will also produce goods and services and we assume that we can express these as a proportional value, s, of the goods produced in the unmodified pristine habitat. We will also assume that the quality of the goods produced in the modified habitat has some dependence, d, on the services supplied by the unmodified proportion of the habitat (for example crop pollination by wild insects, or water quality and retention). Finally, we will include a function f(ES, p) that describes the relationship between the efficiency with which an ecosystem service is supplied and the proportion of habitat that remains pristine, (1Kp); we will again assume that this is at a maximum value (of unity) when the habitat is pristine. Here we will implicitly assume that proportion of pristine habitat acts as a surrogate for the amount of biological diversity present in the system. This allows us to write a simple expression for the NRV of the land in terms of the proportion of habitat that has been converted from its pristine state: NRV Z f ðES; pÞðð1 K pÞ C p dsÞ C ps:
(12.1)
We then need to consider some functional form for the relationship between the proportion of habitat converted and the efficiency with which different ecosystem services are supplied. Here we assume that we can define a proportional change in habitat, ES 50 , when the ecosystem services have declined to 50% of their maximum value. If the services are relatively resilient then it is probable that the value of ES 50 will be close to unity; in contrast, if the services decline relatively rapidly with land conversion, then the value of ES 50 will be substantially less than unity. We can normalize the relative value of services supplied by using a MichaelisMenton type formulation (Hansen & Hubbell 1980; Tilman 1982) :
Note that I have included a second shape parameter, t, which determines the rate at which services decline. Here I again assume that relatively resilient services will have values of this parameter close to unity. In contrast, brittle and less resilient services will have larger values of t. One possible biological interpretation is to consider t as the index of the trophic level that primarily drives the ecosystem function supplying the process (figure 4). Thus the cleansing of air and water that is undertaken by plants, soil nematodes and bacteria will tend to have low values of t and values of ES 50 close to unity. In contrast, ecotourism and aesthetic services that require the presence of top carnivores will have values of t around 3-4 and relatively low values of ES 50 . A more complicated formulation would be required if we are to consider strong regulatory interactions between species on different trophic levels; these modifications will be explored elsewhere (they do not affect the main conclusions described here). The central point I am trying to make here is that if we are to monitor decline in ecosystems' function and the good services they supply, then we need to know more about the shapes of the curves that map change in ecosystem function onto change in area and hence species diversity. In particular, we need to know whether the species-area curve, which translates habitat loss into species loss, has different exponents for species on different trophic levels. This could be done by an expanded survey of the literature (Holt et al. 1999) . However, it is essential that such a survey focus on studies of invertebrate, protozoan and fungal diversity; if we continue to focus on species-area relationships for charismatic vertebrates, we will only obtain data on species that supply a subset of ecosystem services. The second problem that arises here is the need to develop a deeper understanding of the relationship between species diversity and the efficiency with which the ecosystem functions (De Leo & Levin 1997; Hector et al. 1999; Huston 1997; Tilman et al. 1997; Schwartz et al. 2000; Kinzig et al. 2001; Bond & Chase 2002) . In particular, we need to know how much redundancy there is in the system for different ecosystem functions and services, and whether there are any simple mappings of ecosystem function onto the trophic level (Dobson et al. in preparation) . We also need to know which ecosystem functions are dependent upon a very limited number of species; these functions may be brittle and collapse suddenly. I suspect this will be the case for ecotourism. In contrast, ecosystem functions, such as water cleansing and soil retention, may be dependent upon a diversity of species from lower trophic levels. These processes may continue at modified rates in the converted habitats, and their species-area slopes may be so shallow that the net decline in service is a simple linear function of habitat loss, which may even be partially compensated for the same services being undertaken in the modified habitat. Again it would be nice to know more about the shape and redundancy of these species-function relationships, rather than to perform a post hoc analyses of a large-scale, uncontrolled experiment in land use change.
A second set of questions arises when we examine the hypothetical relationship between habitat conversion and economic services (as characterized by equation 12.1). Here, our ability to detect changes in the economic value of natural habitats will be a subtle function of the relative value of services supplied by the pristine and modified habitats, the dependence of the modified services on the presence of unmodified habitat, and the resilience of the relationship between diversity and ecosystem (figure 5). There are again a handful of simple messages we can take from this exercise: if the value of the services provided by the modified habitat is similar to those provided by the pristine habitat, then we will only be able to detect changes in services when those provided by the modified habitat are highly dependent upon the pristine habitat. When the services provided by the modified habitat are almost independent of the pristine habitat then the rate of change of land value may be too shallow to be detected as the habitat degrades or is converted. Where the economic activities on the modified habitat are only weakly dependent upon ecosystem services, the initial decline in land value is reversed as the new land use comes to dominate the landscape.
As I implied in §4, one major worry is that we are attempting to understand these processes using a global series of uncontrolled experiments. If the ecosystem services are initially resilient, but ultimately brittle, we may have little indication that we need to reverse the trend until it is too late. By contrast, if our dependence on ecosystem services is fairly strong and these services break down steadily, we may be able to detect and reverse the trend before it is totally irreversible. A key consideration here is the cost of restoration; this will probably increase exponentially with the proportion of habitat converted (figure 6; Chen 2001). The increase is exponential because in general, it will take longer to recover when less pristine habitat is available as a natural species pool from which to colonize the converted habitat. Moreover, the greater the level of conversion, the more restoration is needed; it may take millennia to replace soils, while locally extinct top predators that may play a major regulatory role (Terborgh 1988) , could be reintroduced provided a suitable source is available. Ironically, conservation biology has focused a lot of attention on reintroduction of charismatic vertebrates (Campbell 1980; Lyles & May 1987; Cade 1988; Kleiman 1989) . In contrast, restoration ecology, which focuses on ecosystem processes, has only recently assumed significance on the conservation radar screen (Dobson et al. 1997; Higgs 1997; Simberloff et al. 1998; Palmer et al. 2004) . Furthermore, any cost to restoration has to be offset against the present economic uses of the land. As the benefits of restoration have to be discounted in any cost-benefit analysis, it will become increasingly hard to make the argument that the simple long-term benefits of restoration exceed the net costs of restoration and the lost benefits of business as usual. When discount rates are high we will quickly cross a threshold where it will be impossible to ever recoup the cost of restoration. All of these considerations suggest we should treat environmental alarms more seriously (Pacala et al. 2003) , particularly when sounded at a relatively early stage of habitat conversion; the relative cost of ignoring them may be very high.
FINAL THOUGHTS
There are many features of the CBD 2010 Biodiversity Target that I have failed to discuss here. In this final 2) undertaken by species at higher trophic levels. In (a) and (c) the services in the modified area of habitat are only weakly dependent upon services in the pristine habitat (dZ0.1). In (b) and (d) the services in the modified habitat are strongly dependent upon services provided by the remaining pristine habitat. Figure 6 . The relationship between proportion of habitat converted, the time to complete restoration and the discounted benefits of undertaking restoration. The solid line illustrates the hypothetical restoration time, which increases as more land has to be recovered (time is on the right-hand y-axis). The two broken lines illustrate the discounted value of undertaking restoration, assuming the system is returned to its completely unconverted state. Solid circles, discount rate of 2%; open circles, discount rate of 5%. discussion I briefly touch upon a couple of areas where we need to develop new initiatives that require either new funding, redistribution of current efforts or some simple creative initiatives. The most glaring omission here is some more general way of monitoring ecosystem services and their impact on the local, regional and global economies. Here I think we need to assemble a working group to examine how we can develop the equivalent of the economist's 'consumer price index' (e.g. the average cost of a weekly bag of standardized household goods). We could also examine the possibility of developing the ecosystem services equivalent of the Economist's Big MAC index (Economist 2004) , an index that estimates the cost people pay in different countries for a common standardized commodity, and the hours they have to work to pay for this commodity. From an ecosystem service potential, this might be a day's supply of drinkable water. This could be defined and quantified in one of three possible ways: (i) how much you would have to pay to safely drink the water at this place and time (measured as hours of work it required to pay for safe daily water consumption); (ii) relative life expectancy if you lived in this place and drank the water; (iii) proportion of native fishes, invertebrate and plant species that could survive in water of this quality; here again, it may be possible to express this as a mean trophic index, or the standard deviation of mean trophic level.
NITROGEN AND PHOSPHORUS DEPOSITION AND MONITORING
Intrinsic to the quality of drinking water is the amount of nitrogen and phosphorous entering the water supply. The use of industrial fertilizers is both a testimony to the success of human ingenuity in increasing the global food supply (Vitousek et al. 1997a,b) and, simultaneously, to our inability to recognize that the benefits this produces create problems and economic costs that are not borne by those who profit from the local increased agricultural activity. Thus monitoring of nitrogen levels in streams and rivers needs to be expanded to include phosphorus and also to examine how river flows of nitrogen and phosphorus are modified by the presence or increasing absence of wetlands and marshes. These data on nutrient loading in rivers then need to be integrated with data on numbers and sizes of harmful algal blooms (HABs) and 'dead zones' of near-shore oceans, particularly with respect to areas of high nitrogen and phosphorus outflow into the oceans (Turner & Rabalais 1994) .
ROLE OF SPACE AGENCIES
NASA has just spent many billions of dollars searching for signs of life on Mars. The current absence of water on Mars suggests it will take at least 4 billion years for the diversity of life on Mars to match that on Earth. This will also require a significant change in climate and atmosphere on Mars. Indeed, the absence of life on Mars formed one of the strongest arguments that changing the Earth's climate would not be good for biodiversity (Dobson et al. 1989; Peters & Lovejoy 1992) . But Earth's climate and atmosphere are changing and the abundant diversity of life forms that have evolved on Earth are beginning to disappear; this decline in life on Earth is both a consequence of climate change and a response to anthropogenic modification of natural habitats. Perhaps a more urgent task for scientists interested in alternative forms of life is to quantify the diversity of life on Earth and estimate the rates at which it is declining. If it took 4 billion years for life to evolve to its current state on Earth, how much longer can we expect it to sustain its current level of diversity? Ultimately, it is less costly, more urgent and important to quantify and complete our understanding of life on Earth than to engage in a biologically fruitless search for signs of life on Mars. If there were intelligent life on Mars, it is probable that their distant perspective would allow them to assume that quantifying biodiversity was the greatest scientific challenge currently facing the scientists of Earth. That we have alternatively decided to invest considerable resources in focusing upon discerning the possibility that life once existed on their planet may lead Martians to question the presence of intelligent life on Earth.
NASA and the European Space Agency (ESA) can instead play an essential role in providing regular remote estimates of forest cover for all areas of the World's land surface that are visible at least four times in a year. For those areas perennially covered in cloud, these estimates should be made whenever possible and a global estimate provided every 3-4 years. We should also focus on more than just forests: savannahs, grasslands, wetlands, mangroves and estuaries should also be surveyed annually, as should cities, glaciers and agricultural areas. I personally think that this should be NASA's foremost priority if it is to retain any credibility with the global public, US tax payers and scientists not involved in the exploration of space. If NASA cannot achieve better coverage of Earth, then it should be split into two agencies and amalgamated with the ESA. One should continue to be sponsored by taxpayers' money and should focus on the Earth as observed from space, the other should be privatized, perhaps aided by a tax on astrology; this 'agency' can focus on whatever it wishes, including attempts to colonize the moon and nearby planets. The open market can then solve the problem of who can use this information and who may chose to colonize these new regions (Hardin 1993) .
CONCLUSIONS
Monitoring the Earth's biological diversity in a way that will allow us to meet the CBD 2010 goals presents a formidable challenge to the global environmental sciences community. As we develop measures and indices of biodiversity it is essential that we develop protocols to look at each measure and examine the repeatability of the measure to ensure we can detect change in ways that are both statistically robust and that provide insight into the underlying mechanisms of change. To achieve this we need to ensure that the data we collect are representative and hierarchically structured at all geographical, taxonomic and trophic scales. We need to increase the quality and diversity of data we have on habitats, and in particular, need to focus on ways to monitor changes in the goods and services supplied by natural ecosystems. Here we need to build a consensus on the indicators ahead of time, where it is essential to separate the indicators from their policy implications. Many of the groups who are most likely to use the indicators will not support their use if they think they will only provide bad news about the environment. There is much to be done if we are to provide an answer to the questions posed by the CBD 2010 Biodiversity Targets. It sets an challenging and exciting agenda that should steer conservation biology and ecology onto the trajectory they need to take if they are to become the most important and relevant sciences of the twenty-first century.
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